We assessed foreskin inflammation associated with HIV and herpes simplex virus type 2 (HSV-2) in circumcised men.
Introduction
Three trials in sub-Saharan Africa demonstrated that adult male circumcision reduces male heterosexual HIV acquisition [1] [2] [3] . Circumcision also reduced symptomatic genital ulcer disease [2] [3] [4] in HIV-uninfected men and HIV-infected men, and herpes-simplex virus-type 2 (HSV-2) acquisition in HIV-negative men [5] .
Epidemiologic studies suggest that HIV acquisition and transmission are facilitated by bacterial and viral sexually transmitted infections (STIs) [6] [7] [8] [9] [10] . HSV-2 is widely prevalent and is associated with HIV acquisition [7, [11] [12] [13] , particularly with recently incident HSV-2 infection [13] . It has been suggested that localized mucosal inflammation, ulcerative lesions, and recruitment of HIV-target lymphocytes to the genital tract affect HIV susceptibility and infectivity [14, 15] .
Epidemiologic data and foreskin specimens collected from circumcision trials in Rakai, Uganda provided an opportunity to assess whether HIV infection, HIV viral load, and HSV-2 infection are associated with foreskin inflammation.
Materials and methods
The Rakai circumcision trials have been described previously [3, 4] . Briefly, uncircumcised men aged were enrolled in two trials of male circumcision for HIV and STI prevention in Rakai District, Uganda. One trial evaluated the effect of circumcision on the risk of HIV acquisition among initially HIV-uninfected men [3] . The second trial evaluated the effect of circumcision of HIVinfected men on transmission of HIV to their initially uninfected female partners [4] . Although the two study protocols were separated by funding sources, they were procedurally identical. The two trials were conducted concurrently with the same surgeons, consent forms, questionnaires, and follow-up teams who were blinded to the HIV status of participants. Uncircumcised HIVinfected men were eligible if they had a CD4 cell count at least 350 cells/ml and no AIDS-defining illness. Men were randomized to either the intervention arm that received immediate circumcision or the control arm that received circumcision delayed for 24 months [3, 4] . Information on sexual risk behaviors, hygiene practices, symptoms and signs of genitourinary infections, and physical examinations were collected at enrollment and follow-up visits. This study examined foreskin tissues obtained after circumcision from both intervention arm and control arm men.
The trials were approved by four institutional review boards: the Science and Ethics Committee of the Uganda Virus Research Institute (Entebbe, Uganda), the HIV subcommittee of the National Council for Science and Technology (Kampala, Uganda), the Committee for Human Research at Johns Hopkins University Bloomberg School of Public Health (Baltimore, Maryland, USA) and the Western Institutional Review Board (Olympia, Washington, USA). The trials were overseen by two independent Data Safety Monitoring Boards [3, 4] and were registered with Clinical. Trials. Gov numbers NCT00425984 and NCT00124878. All participants consented to use of left-over foreskin tissues for research.
Histopathology
Following surgery, the foreskins were immediately immersed and fixed in either SafeFix II (a formalin-free, glyoxal based preservative (Fisher Scientific, Fairlawn, New Jersey, USA) or 100% ethanol and stored at À808C. We obtained systematic samples of foreskins by unrolling the tissue and exposing the epithelial surface. Tissue thawing was not necessary, as ethanol remains a liquid at À808C. Using a razor blade, cross-sections from the epithelial to subepithelial connective tissue spaced roughly equally across the tissue surface were cut into approximately 1-mm-thick sections. A minimum of three sections per foreskin were taken. Sections were embedded in paraffin blocks on the cut edge. Five-mm-thick paraffin sections were cut using a microtome, mounted and stained with hematoxylin & eosin (H&E) for differentiation of the epithelial and stromal microanatomy and assessment of inflammatory infiltrates. Inflammatory infiltrates were defined as accumulations of lymphocytes (identified by their mononuclear morphology), neutrophils (identified by their multilobulated nuclei), or 'other' (plasma cells, eosinophils) by methods previously described [16] . Tissue was examined at 20Â magnification initially and cellular detail was assessed at 400Â.
Following methods previously described [17, 18] , we developed an ordinal scoring system to assess the presence and distribution (extent), intensity and cellular composition of inflammation in the epithelium and stroma. Scores were assigned for epithelial and stromal compartments separately based upon the extent of inflammation scored as no or minimal cells ¼ 0; at least one cluster of cells ¼ 1 (focal); moderately diffuse distribution ¼ 2; highly diffuse ¼ 3; intensity as rare cells ¼ 0; cells present ¼ 1; moderately dense cells ¼ 2; prominent (highly dense cells) ¼ 3; and cellular composition [mononuclear ¼ 1; polymorphonuclear ¼ 2; mixed mononuclear and polymorphonuclear ¼ 3; 'other' (plasma cells, eosinophils) ¼ 4]. Stromal inflammation was defined as the presence of inflammatory infiltrates in the subepithelial tissue from the deepest connective tissue to the basement membrane of the surface epithelium. Epithelial inflammation was defined as the presence of inflammatory infiltrates in the visualized tissue from the basement membrane to the border of the keratinized epithelium. Inflammation severity was assessed by two experienced pathologists (M.E.S. and M.A.D.) who were masked to HIV, HSV-2 status and all other subject data.
Immunohistochemistry Immunohistochemistry (IHC) was performed using standardized techniques on automated staining machines [BondmaX-Leica; Mount Waverly, Victoria, Australia] for qualitative lymphocyte phenotyping, as previously described [19] . Tissue was deparaffinized using xylene and graded alcohols. Epitopes were retrieved with heated buffer ethylenediaminetetraacetic acid. After incubation with primary antibody using an optimized protocol, tissue was incubated with horseradish-peroxidase enzyme-labeled, commercially available secondary antibodies (CD4; Novacastra, Newcastle upon Tyne, UK; CD8; Ventana, Oro Valley, Arizona, USA) at temperature and an antibody dilution optimized on control tissues. Tissue was counterstained with hematoxylin. The antibody/horseradish-peroxidase complex was visualized as a bright red precipitate using nuclear fast red (Kernechtrot) solution. CD4 and CD8 cells were identified via light microscopy.
HIV and herpes simplex virus type 2 detection HIV status at enrollment was determined using two separate enzyme-linked immunosorbent assays (Vironostika HIV-1, Organon Teknika, Charlotte, North Carolina, USA and Welcozyme HIV 1þ2, Murex Diagnostics, Dartford, UK). If results were discordant or the participant was an HIV seroconverter, tests were confirmed by western blot as previously described (Cambridge Biotech HIV-1 western blot; Caltype Biomedical Corp, Rockville, Maryland, USA) [3] . HIV viral load was quantified by reverse-transcriptase (RT) PCR, Amplicor v1.5 assay (Amplicor HIV-1 Monitor version 1.5; Roche Molecular Systems, Branchburg, New Jersey, USA). HSV-2 serostatus was determined using an IgG glycoprotein EIA assay (Kalon Biological, Aldershot, UK). This assay has been previously validated for use in the Rakai population [20] . HSV-2 seropositive status was defined as a Kalon index value of at least 1.5. HSV-2 seroincident infections were defined as positive Kalon test confirmed by western blot (Euroimmune, Lubeck, Germany) among previously HSV-2 seronegative men (enrollment index value <0.9.)
Statistical analysis
We compared the proportion of specimens with any inflammatory changes (focal or diffuse) in the epithelial and stromal tissue by HIV and HSV-2 serostatus and sociodemographic and behavioral variables. Differences in the prevalence of inflammatory changes by HIV and HSV-2 status were assessed by x 2 and Fisher exact tests. We estimated the prevalence rate ratio (PRR) and 95% confidence intervals (95% CI) of inflammation associated with HIV/HSV-2 serostatus and other covariates using modified Poisson regression. Covariates with a univariate P value of 0.1 or less were included in the multivariate analysis. We assessed the prevalence of inflammation among men with HIV viral loads below and above the median using x 2 and Fisher exact tests.
Results
Tissues from 97 HIV-infected and 135 HIV-uninfected individuals were evaluated for inflammation. The median age was 30 years, and 64.2% (149/232) were married. Nearly one-third of participants (34.9%, 81/232) reported four or more sexual partners in the past 5 years ( Table 1) . One-third (32.8%, 76/232) were coinfected with HIVand HSV-2, 27.6% (64/232) were infected with HSV-2 alone, and a minority (9.1%, 21/232) with HIV alone. Overall, 53.5% of men (123/230) were HSV-2seropositive at study enrollment. At 24-month follow-up, there were 15 incident HSV-2 infections among the 69 initially HSV-2-negative participants, increasing the overall proportion of HSV-2 infections among all men studied to 60.0% (140/232). In HIV-infected men, 76 of 97 (78.3%) were HSV-2 seropositive, compared with 47 of 133 (35.3%) of HIV-uninfected men (P ¼ <0.001). Table 1 shows the prevalence and univariate PRR estimates for epithelial and stromal inflammation. The frequency of epithelial inflammation was 4.2% in men with neither HIV nor HSV-2 infection, 7.8% in men with HSV-2 alone (P ¼ 0.4), 19 .0% in HIV-infected men without HSV-2 (PRR 4.5, 95% CI 1.1-18.6, P ¼ 0.04), and 31.6% in dually infected HIV/HSV-2 seropositive men (PRR ¼ 7.5, 95% CI 2.3-23.8, P < 0.001). In the stromal compartment, the prevalence of inflammation in HIV/HSV-2 seronegative men was 14.1%; in men with HSV-2 alone, the prevalence was 29.7% (PRR 2.1, 95% CI 1.1-4.2, P ¼ 0.03); and in men with HIV infection alone the prevalence was 33.3% (PRR ¼ 2.4, 95% CI 1.0-5.5, P ¼ 0.04). In dually infected men, the prevalence of stromal inflammation was 60.5% (PRR ¼ 4.3, 95% CI 2.3-7.9, P < 0.001). Among 15 HSV-2 seroconverters, only one had epithelial foreskin inflammation (6.7%) and seven had stromal inflammation (46.7%), and this did not differ significantly from the prevalence of inflammation among all HSV-2 seroprevalent individuals. Epithelial inflammation was only observed when stromal inflammation was present.
There were 82 men with any inflammation (Fig. 1) , and mononuclear lymphocytes were observed in 83.3% (30/36) of inflammatory sites in the epithelium and 100% (82/82) of inflammatory sites in the stroma. Neutrophils were seen in only six individuals with inflammation (7.3%, 6/82), and where seen, neutrophils were only present within the epithelium. Two of these latter individuals had a mixture of mononuclear cells and neutrophils. No other cell types were observed. Using IHC, preliminary qualitative phenotypic analysis of T-lymphocytes in inflammatory foci revealed a mixture of both CD4 and CD8 cell subsets (Fig. 2) . Table 2 shows the multivariate PRRs for epithelial and stromal inflammation. Dual infection with HIV and HSV-2 was strongly associated with epithelial inflammation (adjusted PRR 6.1, 95% CI 1.8-20.1, P ¼ 0.003) and stromal inflammation (adjusted PRR 3.6, 95% CI 2.0-6.9, P < 0.001), relative to HIV/HSV-2 uninfected men. Among men with only HSV-2 or only HIV infection, the adjusted PRRs of inflammation were increased, but this was not statistically significant. Higher education was associated with a lower risk of stromal inflammation (adjusted PRR 0.4, 95% CI 0.2 -0.9, P ¼ 0.03). Self-report of four or more sexual partners in the past 5 years was associated with more frequent inflammation, but this was not statistically significant. Epithelial, but not stromal, inflammation was associated with genital ulcer symptoms within the week prior to circumcision (adjusted PRR 2.4, 95% CI 1.1 -5.3, P ¼ 0.03), although no genital ulceration was observed clinically at the preoperative examination. The presence 1810 AIDS 2009, Vol 23 No 14 As shown in Table 3 , inflammation was more commonly observed in HIV-infected than in HIV-uninfected men, both in the epithelium (28.9 vs. 5.9%, respectively, P < 0.001) and the stroma (54.6 vs. 21.5%, respectively, P < 0.001). The inflammation was primarily focal (Fig. 1a-d) , and no HIV-uninfected men had diffuse inflammatory changes ( Fig. 1e and f) , whereas among HIV-infected men, 13.4% had moderately diffuse inflammation confined to the stroma. Where present, moderate or prominent lymphocytic infiltrates were observed more frequently in the stroma of HIV-infected men (22.7%, 22/97), but were uncommon in the stromal compartment of HIV-negative men (2.2%, 3/135, P ¼ <0.001). Overall, prominent intensity was infrequent and where seen, it was only found in HIV-infected men (3.1%, 3/97). Immediate precircumcision HIV viral loads were available for 70% (68/97) of HIV-infected individuals. Epithelial inflammation was present in 44.1% (15/34) of men with log viral loads above the median of 4.5 log 10 cps/ml, and 14.7% (5/34) in those with viral loads below the median (Fisher exact test, P ¼ 0.02).
Discussion
Foreskin inflammation was associated with both HIV and HSV-2 infections in unadjusted analyses (Table 1) , and the highest prevalence of inflammation in the foreskin epithelium and stroma was observed in coinfection with HIV and HSV-2, in the adjusted analysis ( Table 2 ). The inflammation was primarily mononuclear, suggesting local immune activation and cellular recruitment, possibly resulting from chronic viral infection [21] . The greater prevalence of foreskin inflammation in HIVpositive men with higher HIV viral loads supports this contention. In situ replication of T cells could play a role in presence or severity of inflammation. However, replication in the skin would most likely occur at sites of preexisting host response, where secreted cytokines lead to T-cell recruitment and activation [22] .
Coinfection with HSV-2 and HIV was associated with the highest prevalence of inflammatory changes (Table 1) , which may influence the infectivity of HIV-positive men. This is consistent with epidemiologic studies suggesting that HSV-2 enhances HIV genital shedding [23, 24] and that coinfection potentiates the clinical severity and infectiousness of the two viruses [25] . These findings may provide insight into the potential mechanisms by which the foreskin may facilitate HIV transmission.
The foreskin mucosal surface is histologically similar to the cervical mucosa [19] , and the latter may provide insights into foreskin inflammatory changes. HIVinfected women have depleted HIV-specific CD4 and dendritic cells [16, 17, [26] [27] [28] , and viral coinfection (in particular, human papillomavirus) is associated with greater cervical inflammation and immune activation among HIV-infected women [29] . Dermatologic studies show similar responses in the skin of HIVinfected individuals [30, 31] . We found that self-report of recent genital ulceration was associated with epithelial but not stromal foreskin inflammation, despite the absence of visible lesions at the preoperative examination. This is consistent with prior reports that subclinical inflammation can persist for many weeks after resolution of HSV-2 induced genital ulceration [32] . The association between higher education and reduced risk of stromal inflammation (Table 2) is consistent with lower HIV and HSV-2 prevalence in these individuals [33] .
The presence of smegma on preoperative examination was associated with inflammation and may be a surrogate marker of poor genital hygiene. However, the role of smegma in foreskin inflammation is unclear. It may be a result of local inflammation or may contribute to the inflammation we observed. Poor hygiene (as measured by daily washing of the genitalia or washing after sex) has been associated with an increased risk of HIV and STI acquisition in some [34] [35] [36] , but not all studies [37] .
The major limitation of this study is that of necessity it was cross-sectional because foreskin tissues were only available at time of surgery. However, the viral infections must have preceded the observed inflammatory changes. Furthermore, our study does not include data regarding other STIs at the time of circumcision, and because infection with HIV and/or HSV-2 is associated with a higher risk for other STIs, the latter could contribute to genital inflammation. A strength of this study is the sample size and the fact that the participants did not have medical indication for circumcision. Previous studies of foreskin immunology had small sample sizes, little or no epidemiologic data or only individuals needing medically indicated circumcision due to phimosis or other genitourologic problems [19, [38] [39] [40] [41] . Moreover, these prior studies did not include HIVþ men and could not assess infection with HSV-2.
Our findings suggest that HIV and HSV-2 are associated with dramatically enhanced foreskin inflammation. 
